Internal concentration of CO 2 and O 2 is influenced by intercellular space volume (V in ). V in, which located inside fruit, is thought to be a diffusion pathway through plant organs to supply adequate O 2 for respiration and allow diffusion of CO 2 . This indicates that V in is an important factor to be known. Unfortunately, measuring of V in is time consuming. Therefore, an aim of present study is to determine intercellular space volume (V in ) of citrus fruits using multiple linear regression based on physical measurements such as mass (m), volume 1 as Archimedes principle (V t ), volume 2 as sphere (V s ), vertical dimension diameter (vd), horizontal dimension diameter 1 (hd1), horizontal dimension diameter 2 (hd2) and real density (P t ). Sample was physically measured to obtain its mass, diameters, volumes, and real density. The values of physical measurements were used to predict V in by using four prediction models. Multiple regression was engaged to develop each category model. The model in equation (V in = 0.234−0.932m+0.993V t ) had the highest score in determination coefficient (R 2 =0.998) and the lowest in root mean squared error (RMSE=1.533), which implied the best equation to determine V in . 
I. INTRODUCTION
Japan is one of the major citrus producing countries in the world. One of the main regions in Japan that produce citrus is Ehime prefecture. As many as 20 major citrus varieties are being cultivated in Ehime throughout a year, such as Siranui, Iyo, 'Kiyomi' tangor, Ponkan, Unshu, and Navel orange.
The quality of fresh produce is greatly affected by internal concentrations of CO 2 and O 2 [1], which is influenced by the intercellular space volume (V in ). In this process, V in acts as a diffusion pathway through plant organs to supply adequate O 2 for respiration [2] and allow diffusion of CO 2 . Moreover, in the gaseous transport of O 2 , CO 2 , C 2 H 4 and other physiologically important gases, V in was also described as the network system for gaseous transport [3] , [4] .
There have been few studies of V in in any of fruits and vegetables. Studies on gas exchange in fruit have shown that V in inside the fruit is an important parameter to be investigated [1], [5]- [8] . Another study has demonstrated Manuscript received February 11, 2015; revised October 9, 2015.
that a fruit tissue with small V in results low respiration [9] . Other studies focusing on V in in apple and pear fruit have shown that fruits with greater V in or porosity, that is the ratio of V in and total volume of a fruit, had higher internal gas diffusion [10] and were softer [11] or more mealy [12] . Furthermore, study on the tolerance to Controlled Atmosphere (CA) conditions has also suggested that this tolerance depends on V in or porosity. For instance, the cultivar (cv) Cox Orange is characterized by low porosity and has a low tolerance to CA, while fruits with high porosity tend to have high tolerance to CA [13] . From the above studies, it can be concluded that V in is also an important factor in estimating sensitivity to low levels of O 2 and/or high CO 2 respiration and in determining appropriate concentrations for CA storage [13] .
Some techniques have been developed to measure V in in fruit. One is based on gasometric method that measured the amount of air extracted from sample when subjected to vacuum [14] . Next, method based on experiment of Archimedes principle V in is measured as a difference between the impelling force acting on an organ with and without V in [4] . Another method is pycnometric method where V in is estimated as a difference between the fruit volume measured by water immersion minus its volume without V in , estimated after maceration with a pycnometer technique [15] .
In this research, pycnometric method that follows the Archimedes principle was used in order to measure V in because this method is appropriate for organ with internal with internal cavities and succulent tissues [3], for example citrus. Furthermore, this method seems to be accurate for measuring V in [4] . Unfortunately, this technique is much more time consuming and the destruction of the samples is the major limitation of this technique [4], [15] . To solve this problem, determination of V in by prediction is a necessary. However, there were no detailed studies concerning V in prediction of citrus in the literature. Therefore, this study was carried out to develop appropriate models to predict V in by multiple linear regression based on physical measurements (mass, volume, diameters, and real density).
II. MATERIAL AND METHOD

A. Materials
The experiment employed eight different species of freshly harvested citrus at Ehime University farm, Iyo
